Sugar beet seeds of three varieties (Jastra, Jamira, PNMono1) were rubbed, primed, washed and primed after rubbing. All used methods of seed treatment changed pericarp characteristics such as water potential, density, moisture and content of chemicals resulting in electrical conductivity of water extract from the seeds. Seed treatments also improved the ability and rate of germination. Their efficiency was more significant in an excess and shortage of water in germination medium than in optimum water conditions. The lower the initial seed vigour, the larger the vigour improvement. Seed priming had the best effect on the course of germination. Primed seeds were most resistant to different moisture conditions during germination. The largest differences in germination ability after four days in different water conditions were 5.1 and 7.4% for primed and primed after rubbing seeds, respectively, while the difference for control ones was 26.8%. Priming also caused an increase in seed respiration intensity. Rubbing and washing removed chemicals from the pericarp, which resulted in an increase in water potential, and consequently in vigour improvement.
The introduction of monogerm sugar beet varieties and drilling to stand had a catastrophic influence on the plant population through poor establishment. Accordingly, an improvement of the course of germination and field emergence was necessary.
A series of experiments was conducted to evaluate the effectiveness of different technologies of pre-sowing treatment of three sugar beet varieties differing in their ploidy level. There was also an attempt to explain the results of seed treatments. This study tries to explain how some fruit properties affect germination and field emergence.
Pericarp and botanical seed characteristics determine the properties of sugar beet fruit. The pericarp consists of three layers: the two inner ones consist of thick-wall sclereids containing crystals of salts. In the presence of water they form an osmotic solution which has a low water potential. Just before radicle emergence the level of the water potential of seed pericarp is about -1.0 MPa. If this level is achieved faster, seed germination will be faster (Podlaski and Chrobak 1997) The process of rubbing removes the most porous, outer layer of parenchyma resulting in an increase in pericarp density and removal of a part of chemicals. Similar effects can be obtained by seed washing.
In the last years seed companies have exerted an enormous pressure on researchers to develop new, effective technologies of seed quality improvement, especially seed priming. Priming consists in wetting seeds to the moisture level that enables early processes leading to germination but is too low for radicles to emerge. It is obvious that priming changes mostly the properties of botanical seed. In 2002 primed seeds were sown on 30% of the area under sugar beet in Great Britain. As a result an improvement of germination and field emergence rate were observed, but there was no influence on the final plant stand (Draycott et al. 2002) .
Despite of commercial application of different seed treatment methods there is still little information on the causes of obtained effects. Moreover a high diversity of treated seed properties is still a problem and it implicates the effectiveness of applied technologies.
MATERIAL AND METHODS
Seeds of three sugar beet varieties from a Polish breeding company: Kutnowska Hodowla Buraka Cukrowego: PNMono1, Jastra and Jamira were treated by four different methods: partial rubbing of pericarp, washing, priming and priming in combination with washing. Primed seeds were put on blotting paper (65% of water capacity) for 24 h and air dried. The control was raw seeds not treated in any of the described ways. In laboratory experiments these characteristics were measured in 100 seeds in three replications: germination ability, rate and spread of germination after four and 14 days, water potential of pericarp and electrical conductivity of water extracts from the seeds. Germination was examined on the blotting paper in three different water conditions: 40, 65 and 100% of water capacity of blotting paper. Experiments lasted for three years, analysis of variance was done with T-Student's test.
To assess the germination rate and spread Pieper's coefficient was used, i.e. the mean time of germination of one seed (or plant emergence) determined by the formula:
where: d n is a current germination day, and a n is a current day number of germinated seed (Lityński 1977) .
When assessing the rate of germination, the sowing day is assumed to be the first day of germination d 1 , whilst when spread of germination is assessed, the assumption is that the first day of germination d 1 is the day when the first radicles germinated from a given seed sample (Podlaski 1990) .
Moreover, the intensity of seed respiration during the first three days of germination was measured using an apparatus LICOR-6200, manufactured by LICOR, Nebraska USA.
Water potential of pericarp was assessed using Vescor with sample chamber C-52. Measurements were carried out in 14 seeds in three replications. Equilibration time in the sample chamber was 30 minutes.
Electrical conductivity of water extracts from sugar beet seeds was measured using the method described by Podlaski and Chrobak (1984) .
RESULTS AND DISCUSSION
Figures 1, 2 and 3 show sugar beet seeds in cross-section. Radicles and cotyledons are visible. Rubbing causes a decrease in the pericarp thickness (Figures 4-9 ) through parenchyma removal, equalisation of fruit shape and better exposition of basal pore which is the main water supply to the seed (Podlaski 1990 ). The pericarp of control seeds had the significantly highest level of water extract electrical conductivity and the lowest water potential ( Table 1) . Rubbing of the parenchymal part of pericarp caused a significant decrease in electrical conductivity of water extracts, increase in water potential and pericarp density. The cause was the removal of a part of chemicals that in contact with water give a solution of low osmotic potential (Podlaski and Chrobak 1997) . Consequently the water content in seeds increased; it can be an indicator of accelerated germination.
Seed washing had the greatest influence on pericarp properties. Washing caused a decrease in electrical conductivity of water extracts and pericarp density. At the same time, water potential of pericarp and seed moisture increased.
Seed priming, especially in combination with rubbing, caused an increase in water potential and pericarp moisture. This phenomenon can be an effect of easier water access to the seeds, which results in their respiration intensity. Primed seed respiration was most intensive after two days of germination ( Figure 10 ). The respiration intensity of seeds treated in the other ways also increased during the time of germination, but this increase was slower. Seeds of the variety PNMono1 showed a higher level of respiration intensity than seeds of the other two varieties.
Changes in pericarp and seed properties had an influence on biological properties of seed such as the ability, rate and spread of germination. The excess and shortage of water in germination medium caused a significant decrease in germination ability after four days (Table 2) , to 75.3 and 75.0%, respectively, while in optimum conditions germination ability was 86.9%. The blocking of oxygen uptake by the seed probably caused a negative reaction to water excess (Lexander 1981) . On the other hand, in the case of water shortage the influence of low water potential on the germination process was visible.
All methods of seed treatment caused an increase in germination ability after four days compared to the control. But the effect of seed treatment depended on germination conditions. Under water stress conditions the process of rubbing improved germination ability by 10.6 and 22.2% while in optimum conditions only by 6.7% compared to the control seeds. Similarly, seed priming improved germination ability under stress conditions (excess and shortage of water) by 25.3 and 36.5%, respectively, while in optimum conditions by 17.0%.
Priming alone and in combination with rubbing improved seed tolerance to unfavourable environmental conditions. Germination ability after four days at three different levels of water content differed only by 7.4 and 5.1% while in control seeds by 26.8%.
Excess of water caused a decrease in germination ability of washed seeds after four days from 12.0 to 12.9% compared to primed and primed after rubbing seeds. It is possible that such a reaction was caused by higher porosity of washed seeds. The pores filled with water restrict oxygen access to the seeds. Different variety reactions were observed for the used seed treatment methods. In the varieties Jastra and PNMono1 the best results were obtained by seed priming; germination ability of primed seeds was within the range of 88.0%. In the variety Jamira a similar effect was also obtained by washing. Average (for three moisture levels in germination medium) germination ability of control seeds was 61.4, 70.7 and 52.5% in 1996, 1997 and 1998, respectively. On the other hand, in 1996-1998 germination ability of primed and primed after rubbing seeds oscillated from 85.0 to 89.2% and from 85.9 to 90.3%, respectively. It is obvious that priming equalises seed germination in different water conditions and efficiency of this treatment depends on the initial level of germination ability. The lower the germination ability, the higher the efficiency of priming. After 14 days of germination the differences in germination ability of seeds treated in different ways diminished. However the results were similar to those after four days. All treatment methods improved germination ability from 2.3 to 5.3% (LSD = 1.18). The best results of treatments were observed for the excess of water in germination medium. Then priming and priming with rubbing improved germination ability from 10.7 to 11.7%.
The variety had a low effect on seed treatment efficiency.
Pieper's coefficient showing the mean time of seed germination depended on the water content in germination medium. The respective values for shortage, excess and optimum of water were 3.74, 3.30 and 3.18 days ( Table 3) .
The method of seed treatment had a critical influence on their germination rate. The fastest germination was recorded for primed with rubbing seeds (2.75 days), followed by primed seeds (3.02 days), washed (3.35 days) and rubbed (3.67 days) (LSD = 0.07).
The efficiency of seed treatment was more visible under stress germination conditions. In optimum conditions washing and priming speeded up seed germination by 0.91 and 1.02 days, respectively, compared to control seeds. However, under the shortage and excess of water the acceleration of germination of the same seeds was 1.03 and 0.70 days, 1.23 and 1.39 days, respectively.
Seeds of different sugar beet varieties differed significantly in their germination rate. During the three years at three moisture levels the average rate of germination of PNMono1 seeds was 4.55 days, Jamira 4.05 days and Jastra 4.01 days (LSD = 0.07). The efficiency of seed treatment depended on initial seed quality. The worse the seed vigour, i.e. the slower the germination, the higher the efficiency of seed treatment. Priming and priming in combination with rubbing accelerated the germination of the best control seeds (variety Jamira) by 0.99 and 1.30 days, respectively. The same time acceleration of germination in the slowest germinating seeds of variety PNMono1 was 1.31 and 1.68 days, respectively.
The spread of germination in shortage, excess and optimum of water in germination medium was 2.21, 2.54 and 1.96 days, respectively (LSD = 0.06) ( Table 4) .
In all environmental conditions the best germination rate was obtained for primed after rubbing seeds. In optimum and shortage of water washed seeds took the second position. However, in the excess of water the spread of germination of washed seeds was much worse. It indicates higher sensitivity of washed seeds to the excess of water in germination medium.
In the three years of experiments the most uniform germination (on average) was recorded in rubbed and primed seeds (spread of germination 1.75 days), primed (2.02 days) and washed ones (2.17 days) (LSD = 0.11).
The germination of seeds of PNMono1 variety was slowest (4.55 days) but most uniform (spread of germination 2.66 days) and vice versa. The fastest germinating seeds (4.01 days) of Jastra variety germinated least uniformly (spread of germination 3.0 days).
Priming and priming with rubbing of seeds of PNMono1 variety caused the lowest improvement of germination spread: 0.55 and 0.85 days.
The same treatment of seeds of the varieties Jamira and Jastra improved spread of germination by 0.91 and 1.1 days, 1.24 and 1.29 days, respectively. LSD ( 
